Krabbe's (globoid cell) leucodystrophy is an inherited metabolic disorder of galactolipid catabolism which usually becomes symptomatic at six months of age. The clinical course is one of rapid deterioration ending in death by about two years. Pathologically, the disease is characterised by severe demyelination in both the central and peripheral nervous systems. Numerous giant multinucleated globoid cells (30-40 ,tm), the characteristic histological feature of this disease, are usually found in close proximity to blood vessels of the central nervous system. A deficiency of galactosylceramide f8-galactosidase activity has been found in all tissues from affected infants Svennerholm et al., 1975) . Obligate heterozygotes have been shown to have intermediate levels of galactosylceramide /3-galactosidase activity both in cultured skin fibroblasts Farrell et al., 1973a) , and in white blood cells . Cultured amniotic fluid cells obtained between 14 and 18 weeks gestation have levels of galactosylceramide /3-galactosidase activity comparable to those found in cultured skin fibroblasts (Farrell et al., 1973a) . The antenatal diagnosis and confirmation of Krabbe's leucodystrophy in one fetus has been reported Ellis et al., 1973) . Wenger et al. (1974) reported a marked deficiency of galactosylceramide /3-galactosidase in pregnancy at risk for Krabbe's disease; but the family chose not to terminate the pregnancy and no confirmation of the diagnosis was provided.
Cultured amniotic fluid cells from two pregnancies at risk for Krabbe's leucodystrophy have been studied in our laboratory. In 
Methods
The affected fetus had a crown-rump length of 163 mm, a foot length of 38 mm, and a weight of 427 grams. These measurements are consistent with the estimated gestational age of 18 weeks (Birkbeck et al., 1975) . Specimens of lung and skin were taken for culture. Tissue specimens from brain, spinal cord, and peripheral nerve were processed for histological and electron microscopic study. The remainder of the tissues from the nervous system as well as the liver and kidneys were frozen in dry ice and stored in airtight sealed plastic containers at -700C for enzymatic and chemical analysis. Control tissues were obtained at necropsy and stored under the same conditions as above.
Fibroblast and amniotic fluid cell cultures were grown and harvested as previously reported (Farrell et al., 1973a; Chen et al., 1975) except that the amniotic fluid cells were established in culture without preliminary centrifugation.
Galactosylceramide 83-galactosidase activity was assayed with authentic (63H)-galactosylceramide by the method of Farrell et al. (1973a) with the following modifications: the reaction was stopped by placing the assay tubes in an ice-water bath. Deionised water (0.8 ml) containing 1 mg of 'carrier' galactose was added, followed by 0.1 ml of 10% bovine serum albumin and 0.1 ml of 100% trichloroacetic acid, mixed and then centrifuged in a MSE centrifuge at 1500 rpm for 10 minutes. One millilitre of clear supernate was removed and 77 extracted with an equal volume of diethyl ether to remove the trichloroacetic acid: 0.5 ml of the aqueous phase was placed in a scintillation vial and taken to dryness to remove any possible trace of the diethyl ether. Deionised water (0.5 ml) and 15 ml of Aquasol (New England Nuclear) were added to the scintillation vial, and the radioactive galactose was assayed by liquid scintillation spectroscopy.
Arylsulphatase A and p-nitrophenyl /3-galactosidase activities were assayed by the method previously reported (Farrell et al., 1973b) . Total p-nitrophenyl f3-N-acetyl hexosaminidase activity was assayed by the method of Okada and O'Brien (1969) .
Portions of the cerebrum, brainstem, cerebellum, spinal cord, and one sciatic nerve were also fixed in buffered glutaraldehyde, processed for embedding in epoxy epon, and the sections stained with lead hydroxide and uranyl acetate for electron microscopy.
Results
Galactosylceramide /3-galactosidase activity in amniotic fluid cells from pregnancies at risk for Krabbe's disease are shown in Table 1 . In family 1, the specific activity for galactosylceramide /3-galactosidase was almost twice that of either heterozygous parent.We thought that this enzyme activity represented either a low normal value or a high heterozygote value, and recommended that the pregnancy continue. Skin fibroblasts cultured from a 2 mm skin punch biopsy sample from this same newborn infant after a normal delivery contained a normal galactosylceramide /3-galactosidase In the spinal nerve roots and the sciatic nerve many myelinated nerve fibres were present, but no definite abnormality was seen. In particular, we were unable to identify any cells with the characteristic paracrystalline inclusions previously described in peripheral nerves from patients with Krabbe's disease (Bischoff and Ulrich, 1969) .
In the spinal cord white matter only a few myelinated fibres were present. However, several cells containing either curved or straight, tapering membrane-bound tubular inclusions were found (Fig. 1) . They varied considerably, both in width and length. They measured approximately 44 to 290 nm at their widest points. They often branched or communicated with a neighbouring tubule. These tubules or spicules contained one or more thinner tubules formed by somewhat thinner membranes, measuring approximately 10 to 15 nm. On cross-section (Fig. 1) , the somewhat round or oval outline of the cytoplasmic spicule containing one or several small oval tubules could be seen.
The identity of the cells containing tubular inclusions could not be definitely ascertained. They had no constant relationship to blood vessels. The cytoplasm was pale and contained several mitochondria, a well-developed endoplasmic reticulum and Golgi system, but filaments were inconspicuous. In some cells occasional lipid droplets and (Fig. 2) , and this cell measured approximately 16 ,um in size. Several fibrillary astrocytes were also found in these sections. None of the astrocytes contained the tubular inclusions, and they could be readily distinguished from the Krabbe's cells.
Discusion
The antenatal diagnosis and confirmation of a case of Krabbe's leucodystrophy was established by the demonstration of a marked deficiency of galactosylceramide /3-galactosidase in cultured amniotic fluid cells from a pregnancy at risk for this disease.
As we reported earlier (Farrell et al., 1973a) and confirmed in this study, galactosylceramide /-galactosidase activity in cultured amniotic fluid cells is similar, if not identical, to the enzyme activity assayed in normal cultured skin fibroblasts. This is unlike the marked differences in arylsulphatase A activity reported in these same two cells (Kaback and Howell, 1970; Van der Hagen, 1973) .
A marked deficiency of galactosylceramide ,Bgalactosidase activity was found in brain, liver, kidney, and cultured skin fibroblasts confirming the enzymatic diagnosis of Krabbe's leucodystrophy in the affected fetus. The galactosylceramide /8-galactosidase activities in all tissues from the affected fetus were comparable to the residual galactosylceramide 83-galactosidase activities in tissues from infants dying of Krabbe's disease. The other acid hydrolytic enzymes were within the normal range of controls, except for brain arylsulphatase A which was about 25% of control levels. This finding of low arylsulphatase A activity in fetal brain tissue is probably normal for this particular stage of development, and is assumed to reflect the developmental pattern of enzymatic activity associated with myelin formation, as has been well described in experimental animals (Bowen and Radin, 1969) .
Wenger and colleagues (1974) have suggested that measurement of the activity of lactosylceramide /8-galactosidase is a more sensitive method than the measurement of galactosylceramide ,Bgalactosidase, and they have used this enzyme activity to diagnose Krabbe's leucodystrophy. The major problem in using lactosylceramide as the only substrate in the antenatal diagnosis of Krabbe's leucodystrophy comes from the demonstration that there are at least two genetically distinct enzymes which hydrolyse the galactose moiety from lactosylceramide, but only one of these is related to Krabbe's leucodystrophy (Tanaka and Suzuki, 1975) .
The selectivity of lactosylceramide fl-galactosidase in measuring the deficient enzyme in Krabbe's leucodystrophy depends upon such factors as the purity of the detergent used (Callahan and Gerrie, 1975; Tanaka and Suzuki, 1975; Wenger et al., 1975) , the concentration of the detergent (Kurczynski et al., 1976) , and possibly the presence or absence of oleic acid (Wenger et al., 1975) . Various ratios of activity of these two enzymes towards lactosylceramide can occur with relatively minor changes in the reaction mixture, and, these therefore, might cause an erroneous result. The measurement of lactosylceramide fl-galactosidase may be a useful adjunct in the diagnosis of Krabbe's leucodystrophy, but, because of the above problems, we suggest that galactosylceramide 83-galactosidase activity should be the enzymatic basis for the diagnosis of this disease.
Morphological confirmation of the specific leucodystrophies in fetal tissues offers a special diagnostic problem since at this early developmental age very little myelination has occurred. Ellis et al. (1973) have described numerous small 15 to 25 Mm epitheloid-globoid cells and reactive astrocytes in the entire spinal cord from an affected fetus with Krabbe's disease. The fetus which we studied was three to four weeks younger, and the changes by light microscopy were not as distinct as in the older fetus. There were a few PAS-positive cells scattered throughout the white matter of the spinal cord. These were small, usually mononuclear, and irregular in shape. It was often difficult to distinguish them from astrocytes. Thus, none of the PAS-positive cells were readily recognised as epitheloid or globoid cells by light microscopy. We presume that many of these group.bmj.com on April 15, 2017 -Published by http://jnnp.bmj.com/ Downloaded from small PAS-positive cells were the precursors of typical globoid cells. Electron microscopically, one multinucleated cell was found, and tubular cytoplasmic inclusions characteristic of Krabbe's disease were seen in this cell in addition to being present in many of the smaller cells. The morphological differences of the present case from the earlier reported case (Ellis et al., 1973) appear to be related to the age of the fetus at the time of the termination of the pregnancy, and not to any qualitative difference in the disease process. Thus, in both fetal cases the typical large 20-40 ,Lm multinucleated globoid cells of Krabbe's disease were not seen. As in the fetus reported by Ellis et al. (1973) , we also found only straight or curved tubules in these cells. Most of our large tapering spicule-like inclusions contained one or more thin long tubules, and on cross-section both the outer larger spicules and their enclosed thin tubules were oval to slightly angular in shape, as previously described in older infants (Yunis and Lee, 1969; Andrews and Cancilla, 1970; Shaw and Carlson, 1970; Suzuki and Grover, 1970) . These differences again probably reflect the extremely young age of the affected fetus and suggest that the crystalloid tubules may evolve from these tubule-containing spicules.
Although myelination was more advanced in the spinal nerve roots and the sciatic nerve, typical inclusions (Bischoff and Ulrich, 1969) could not be identified in any cells of the peripheral nerves. Thus, despite this earlier formation, the degeneration of peripheral myelin must occur after that of central myelin as suggested also by the later appearance of peripheral neuropathy in the affected children (Dunn et al., 1969) .
The morphological confirmation of the fetus vith either globoid cell leucodystrophy or metachromatic leucodystrophy (LeRoy et al., 1973) appears to be much more difficult than the morphological confirmation of the gangliosidoses (Percy et al., 1973; Adachi and Volk, 1975) . Abnormal neuronal cytoplasmic inclusions have been recognised in fetal spinal cord and dorsal root ganglia in Tay-Sachs disease as early as 12 weeks gestation (Adachi and Volk, 1975) . Svennerholm et al. (1975) 
